We develop the "broad band equilibration" scenario for kaon productions at GSI energies with in-medium effects.
Introduction
As shown in some talks [1] of this conference, statistical descriptions work very successfully for multihadron final states in nucleon-nucleon, nucleon-nucleus, and nucleus-nucleus collisions. In this approach the chemical equilibrium particle ratios are functions of temperature T and baryon chemical potential µ B only † . Recently GSI measured Au-Au and Ni-Ni collisions at 0.8 ∼ 2.0 GeV. Some measured particle multiplicity ratios are in Table 1 below. Cleymans, Oeschler and Redlich [2] fit Table 1 Experimental results for different particle ratio in central Ni + Ni collisions. 
them well by a common chemical freezeout at T = 70 MeV and µ B = 750 MeV in terms of a canonical thermal model. This is another success of statistical description. However, it is hard to understand that the chemical freezeout density from these values of T and µ B is just ρ 0 /4 where the K − mean free path is ∼ 6 fm. Bratkovskaya and Cassing's transport calculations in Fig. 1 show that K − production comes from all densities. We can understand simply why they are compelled to obtain such a low density. By strangeness conservation the number of K + is the sum of the number of K − and that of Λ ‡ * GEB and CS were supported by the US Department of Energy under Grant No. DE-FG02-88 ER40388. † In the canonical description for heavy ion collision we need a system size parameter but the parameters are related to the number of participants. For example, V ∼ 1.9πA p [2] . And in the grand canonical description we need the chemical potentials of conserved charges.
‡ Of course we need to include Σ and Ξ hyperon. Here they are neglected to simplify the discussion. The solid line and dashed line give the density of the origin and that of the last interaction, respectively.
We measured K + /K − ∼ 32 in Table 1 so Λ/K − ∼ 31. Thus if we get the right Λ/K − ratio,
If µ B = M N , M Λ = M N + 175 MeV gives R ∼ 280. It's too large so they need µ B = 750 MeV, 190 MeV lower than M N , in order to get the right value of R. That's why they obtained the low density for equilibration with free-space mass hadrons.
In-medium kaons
A simple way to introduce an in-medium K − mass is the V-spin formalism in [4] . In the formalism we can obtain the kaon effective mass by considering the kaon fields as small fluctuations θ around the σ axis as shown in Fig. 2 . The Hamiltonian for explicit chiral symmetry breaking is
Then the effective mass of kaons (small fluctuation θ) comes to drop from movement towards restoration of explicitly broken chiral symmetry;
with an approximation <NN >≈ ρ. Taking < N|dd|N > [5] , we obtain
The effective value of Σ KN is somewhat smaller by range corrections [6] ;
The strong attraction that the K − experiences in dense matter can make the kaon energy come down to the electron chemical potential and kaons be able to replace electrons. If the vector decouples in the changeover from nucleons to constituent quarks as variables as we expect, the kaon will condensate before chiral restoration. The kaon condensation sets the maximum neutron star mass 1.5 M ⊙ [10] . This is consistent with the observation that all the neutron star masses are below 1.5 M ⊙ , in systems with degenerate companions, where the companion structure should not influence the measurement.
